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SUMMARY 

An investigation of the effects of propeller operation 
on pitching moments has "been . made with particular reference 
to the effect of propeller forces, the field of flow in the 
slipstream, and the increments of lift on the win"; and the 
tail. Two single-engine monoplanes without flaps were teste 
in the full-scale wind tunnel and efforts were made to cor- 
relate the restilts with the available theory of the phe- 
nomena involved. 

A procedure, directly applicable only to single-engine 
monoplanes without flaps, has "been set up for predicting 
the effect of propeller operation on pitching moments. 
This procedure is, at least for the present, a satisfacto- 
ry engineering approximation-, as indicated by the chocks 
obtained for the two airplanes tested. An example illus- 
trating the procedure has. "been included. ' "V 



INTRODUCTION 



The effects of propeller operation on the longitudinal- 
stability characteristics of modern airplanes are becoming 
increasingly important as the airplanes become more highly 
powered. As part of a general investigation directed to- 
ward an improved understanding of stability and control, 
some preliminary theoretical and experimental studies have 
been made of the effects of propeller operation with par-i 
ticular reference to the single-engine monoplane without 
flaps. The experimental work consisted mainly of full- 
scale wind-tunnel tests of two airplanes and included not 
only force r.easuroment s but also numerous surveys of the' 
air flow in the region of the tail. In the analysis, an 
effort was made. to correlate the results with the available 
theory of tSte phenomena involved. 

The correlation between experiments and theory was 
considered to be sufficiently good to Justify a general 
procedure for calculating the eff ect-s> of propeller opora- 
■ tion for single-engine monoplanes. The method utilizes 
simplified concepts and generalizations for which the data 
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may be considered moaner. It was believed, horevor, that 
an engineering approximation would "be of some use for the 
present, at least until a more precise and complete treat- 
ment is developed* 

Ihc first part of this paper contains a rcsune of the 
theory, together vith comparisons "between the theory and 
the subject experiments; the second part ■ sunnarizos the 
proposed procedure for predicting the effects of propeller 
operation and illustrates, by an example, the method of 
application. 

SYMBOLS 



L lift 

0 L lift coefficiont 

Ojj drai coefficient 

M pitching nonont 

G r , pit chin 4 ; -moment coefficient 

c fl section nrof ilo-dra^ . coefficient 
n o 

T ' axial propeller thrust • 

Hp normal force acting on a propeller Inclined to the 
air stream 

D propeller diameter unless subscripted 

V air speed 

n revolutions per second 

p ai r density 

Cj thrust coefficient 



- T„ thrust disk-loadin? coefficient ( — -g 

w G ' " ^-pY (disk area)/ 



T c thrust coefficient 
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Gjfp propeller normal-force, coefficient 

0 P pov:er coefficient 

r ^pn 3 lf/ 

P power input to propeller 

q local dynamic pressure (-| p 7 2 ) 

q 0 free-stream dynamic pressure 

q/q Q . _ ratio of local dynamic pressure of air stream" to 
free-strean dynamic pressure 

a velo city^increnent factor at propeller disk-' 

V(l+a) air velocity through propeller disk 

s velocity-increment factor back of propeller disk 

Y(l+s) air velocity "back of propeller disk in the slip- 
stream 

K _ function of Y./nD and "blade an^le for an inclined 

propeller for determining normal force acting on 
propeller (Ojjp/sin ooj) 

k parameter for determining dotfnwash behind an in- 

/ K \ 
clined propeller ( ; -r } 

VD c (V/nD) a / 

0 function of thrust distribution in normal-force 

equation 

U . velocity inside "boundary layer 

a Q lift-curve slope for infinite aspect ratio 

S area 

b span 

* 

c chord - ' . 

c mean geometric chord 

l x distance from propeller disk to center of gravity 

of airplane (measured parallel to thrust line) 



distance from center of gravity to elevator hin^o 
line (noasured parallel to thrust line) 

distance fron trailing ed^e of root chord to elevator 
hin^e line (measured parallol to thrust line) 

distance fron quarter-chord point of win?; to thrust 
■line (measured perpendicular to thrust line) 

distance from elevator hin^e line to thrust line (meas- 
ured perpendicular to thrust line) 

distance from quarter- chord point of win*; to center 
line of slipstream (measured perpendicular to thrust 
•line) 

distance from elevator hin^e line to center lino of 
slipstream (measured perpendicular to thrust line) 

distance from center of gravity of airplane to thrust 
linej negative when the center of gravity is "below 
thrust line (measured perpendicular to thrust line) 

distance above wako center line (measured perpendicular 
to wake cent or line) 

radial distance fron center lino of fuselage to a 
point in the "boundary layer 

propeller radius unless subscripted 

an^le of attack of thrust axis 

propeller "blade an^le 

an^le of tail sotting relative to thrust axis 

an^le "between thrust line and line joining trailing 

ed^e of root chord and elevator hin^e 
(¥hen the thrust line is used as a reference, the an- 

^le is positive if the tail is above the trailing 

ed^e, ) 

control-surface deflection (with subscripts); "boundary- 
layer thickness 

downwash an^le 



X empirical factor 'used .in de ; te.rn'inin^ increase in .lift 
due to slipstream-, velocity V., ,V : 

X' . empirical constant' for wins- *l;i ft'-', due to .slips.t ream ; .;' 
•inclination '■ ' '•' ■■•*""-■"■ 

Xt theoretical factor used in determining increase in ■ 
tail lift due to slipstream ■ ■ r ■ ■• ' 

4 an^le of inclination, of win?; wake , radians ' 

Subscripts: ■ • 



b ■ 


■ p^bpeiier.-r.emo've'd' 'condition/; w 


P 


propel ler.;7.ope rating condi i£pti'\.„ "' 


P 


' ■ ■ ' , ' . . • 

propeller . '. . 


w 


win 1 ? 

:■ . ■ - , ■ .- . , i 

• •• • r 


t 


horizontal tail* •• ' • 


f 


■fuselage - • ' ■ ' 


• A 


airplane ..' 


e 


elevator' " ■ . 


r 


station at intersection of win<? and' fuselage 


i 


portion immersed in slipstream 


is 


isolated 


s 


slipstream ■ 



The airplanes used' -for- the tests were the Brewster-. . 
XSBA-1 and the Ho rth-. American 3T-93; their principal -dimen- 
sions are ^iven in figures 1 and' 2, respectively. A de- 
scription of the HA OA full-scale wind tunnel and the method 
of correcting the data are *jiven in references 1, 2, and 3. 
The tests consisted of extensive velocity and stream-an*;le 
surveys in the region of the airplane tail and force meas- 
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uremonts on the airplane with and without tho horizontal 
t<iil". Those measurements were made over a ran^G of pro~ 
peller-opcratin^ conditions. The tunnel air speed for these 
tests was about 60 miles per hour except for a few cases t-i 
in which it was varied in order to attain desired values _^ 
of V/nD. Force tests of the isolated horizontal tail sur- g> 
faces were also made for a ran^e of angles of attack and 
elevator angles. 



I.* THEORY AND DISCUSSION OF RESULTS 



In the analysis, the effects of propeller operation 
on longitudinal-stability characteristics have been con- 
sidered in three parts: (l) the direct effect of the pro- 
peller forces on the lift and the pitching moment, (2) 
the changes inposed "by the slipstream on the field of flow 
at tho win's and at the tail, and (3) the increments of 
lift on both the win*? and the tail resulting from those 
changes. Those factors are discussed in the following 
s ections . 

Effect of Propeller Forces on lift and Pitching Moment 

The resultant force exerted by a propeller with its 
axis inclined, may be divided into two components in the 
vertical plane: the thrust acting alonl the propeller 
axis and the force normal to this axis at the propeller 
disk. The resultant lift and pitchin=;-moment increments 
are : 

AL = T sin + 2fp cos (l) 

All = Tz + Nplj. (2) 

The value of T in this equation, as shown in reference 4, 
may be obtained from propeller data for an uninclined pro- 
peller, G-lauert has shovm (references 5 and 6) the normal 
force on an inclined propeller Hp to be a function of 
the an^le of inclination, of V/nD, ' of Op, and of the 

thrust distribution alon<5 the blade. The normal force nay 
be expressed as 

N P = 0 Hp pn 2 D 4 . (3) 

where 

Cm = K sin a T : (4) 
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Prop. Glauert*s equations, 



i 



X = 0 0 



V 1 d0 ? \ 

55 lop-^Z ) 



nD/ 



(.5) 



whore 0 is a function of the thrust distribution. .Ac- 
cording to reference 6, 0 = 0.365 and, according to ref- 
erence 5, 0 varies with V/nD. The correspondence of 
Grlausrt,'s theory with the experimental results of Lesley 
(reference 4) is shown in figure 3. With 0 = 0.365, ex- 
. cellont agreement is obtained, as noted by Millikan in 
reference 7. 

. ' .' The average variation of K, when 0 = 0.365 ,' with 
the parancters V/nD and 0, is shown in figure 4 for 
•the three-blade propellers" of references 8 and 9. Uv to 
blade .angles of 45° and values of V/nD of 2.0, the" var- 
ious propellers showed little difference so that the .plot- 
ted valuo nay 'bo used for, preliminary estimates of the- 
.vortical force on any . conventional, inclined propollor with- 
in those Units. She data o,f reference 4 were taken for 
blado .angles* up to 28. 6° j .thor.o exists no known experimen- 
tal verification of the theory for the higher blade .an- 
gles. In addition, plots of K against V/nD for the 
various propellers are very erratic, at values of V/nD 
greater than 2.0. These limitations of .the data are not 
considered important because these high values of blade 
angle and V/nD are encountered at a high speed where the 
angle of attack of the thrust axis is normally small . • 
Figure 4 may be applied with sufficient accuracy to -other 
than three-blade propellers by multiplying K by H/3, 
where N is the number' of blades. 

Equations (l) and (2) transformed to coefficient form 
with the coefficient based on the wing dimensions become 



(where the effect of the vertical force has been neglected 
because it is small) and 




'n = ) 



(V/nD) 



1 



2 



A - c, 



+ E sin 



c w' 
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. Comparisons "between the calculated and the expfirimon 
tal effect of propeller operation on the pitching moment 
of tho XSBA-l and" the BT-9B airplanes, horizontal tails 
removed, are ^iven in -figures 5 and 6. The agreement is 
considered sat i sf actors'- and' indicates that tho effect of 
propeller operation is accounted for "by the propeller 
forces for tho tail-removed' condition; the effect of the 
slipstream on the win<5-fusela«;e ' combination appears to bo 
no^li^ible. 

She variables that determine the effect of the propel- 
ler, and which are under the control of the designer, are 
the vertical location of the center of gravity with respect 
to the .thrust axis and the an^le of incidence of the thrust 
axis with -respect to the win^. It rill be noted that 
these variables primaril;'- control the value of z / c \ 7 ' 
distance of the propeller f orward of the. center of grav- 
ity has only a slight effect and. .xrill proba'olv be estab- 
lished by other considerations. Figures 7, 8, and 9, in 
which only the propeller forces' are varied, demonstrate 
the effect of the relative position of the center of grav- 
ity and the propeller on the pitching moment. In any prac- 
tical application other factors',' notably the flow at the 
tail, require consideration and would probably modify the 
results of these figures. 

The calculated change in C n caused by the normal 
force of the propeller over a normal ran-^e of ^\/~^\ 7 val- 
ues, is shown in fi^urp 7 for a conventional 1000-horse- 
power single-engine monoplane with characteristics the 
.same as those of the airplane described in the illustra- 
tive example in the last section of the paper. The calcu- 
lated variation dus to the thrust component is shown in 
figure 8 and the effect' of inclination of the propeller 
axis (the location of the propeller huh "oein^ unchanged) 
is shown in figure 9. It is evident that a marked change 
in dC^/dCi, can be obtained oy chan^in"? cither z/c w or 
the inclination of the propeller axis. 



Field of Plow at the Tail 

The velocity in tho region of the horizontal tail may 
he considered as the resultant of three superimposed fields, 
namely, the fuselage wake, the win*; wake, and the propeller 
slipstream. The separr'.e velocity f ields , ■ shown in ideal- 
ized form in figure 1C "'1 oe discussed in the following 
sections. 
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The results of the surveys of the air flow in the re- 
gion of the tail arc presented in figures 11 to 19 for the 
XSBA-i airplane and in figures 20 to 25 for the BT-9B air- 
plane. For the propeller-removed condition, the fuselage 
"boundary layer, the win'? wake, and the region where the 
two fields combine are evident. The strong local downwash 
fields above the fuselage are possibly associated with the 
flow breakdown over the cockpit's. For the propeller- 
operating conditions, the slipstream limits are clearly 
defined; "because of the interference from the \:in% and the 
fuselage* however, the, slipstreams are not circular but 
generally have some other characteristic shape. The dif- 
ference botwoen the downwash angles on. the two sides is 
due to rotation. 

gu s, el ale . wa ke . - The characteristics of the fuselage 
boundar;' layer are dependent upon the dra^, the geometric 
characteristics of the fuselage, and the an^le of attack. 
As a first approximation, however, it may be assumed that 
th.o fuselage boundary layer is symmetrical about the fuse- 
lage and that its velocity distribution varies according 
to the l/7-power law (as su^ested in reference 10 for 
fuselages ) : 

where H f is the fuselage raditis at the elevator hin^e 
line and 8 is the thickness of the boundary layer. It 
may be' assumed that the momentum loss in the boundp.ry layer 
near the rear of the. fuselage corresponds to the entire 
fuselage dra? D f (reference 11 5; thus 

5 -(?;]« ; . ... 

R-P+6 

= (^) " (H- Ri ) 



xdx 



10 



which mar "be solved for the boundary-layer thickness: 

6 = - 1.67 E f + J~2.78 R f S + 2.72 S w (10 ) 

where 0^ is "based on the -win<; area. 

0:i most of the surveys "behind the 3T-9B airplane and 
on some of the surveys behind the XS3A-1 airplane, the fuse 
la^e wake was clearly defined and separated from the win 1 ; 
wake. For these cases the - wake characteri sties were in 
satisfactory agreement with equations (3) and (10), where 
^3f wac *- ae difference "between, the measured dra<; of the on 

tire airplane and the computed drag of the win's. Both of 
the equations and the surveys indicate that, for the usual 
range of fuselage size and fuselage dra<; , the average 
velocity-increment factor in the fuselage "boundary layer 
may "be taken as -0.07. 

3Ei.£.j g ako .- She theory describing the width and the 
velocity distribution of wins; wakos is -,iven in reforencos 
12 and IP, and charts are- therein furnished from which the 
displacement of the wake "below the win*? trailing ed«;e may 
"be determined as a function of the win 1 ? lift coefficient, 
the plan form, and the aspect ratio. 

The variation in dynamic pressure in the win's wake is 
c ;iven as a function of the profile dra ; ; of the win*;, the 
distance "behind the wins?, and the distance above or "below 
the wake center line. The profile drag of the inboard sec- 
tion- of the wing, the wake of which passes over the tail, 
may "be estimated from airfoil data. The distance "behind 
the win<; can "be determined directly from the dimensions of 
the airplane. The distance of the tail above the wake cen- 
ter line may be expressed as follows (see fi<?. 27) i 




(11) 



which, for moderate angles, becomes 

a = l s (ay - € w - yj (12) 

The aa^le of downwash £ w , in the center of the wake, will 
be approximately equal to G L 0, where $ is the an^le of 
inclination of the vrin°_ ■■ ke (from reference 13). Table I 
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lists values of ^ for win^s of various taper ratios and 
aspect ratios. 

The fore^oin*; method was used to determine the values 
°- a/q 0 <? " ue to t ^ le w * n 3 wake at the tail location, of the 
XSBA-1 airplane and, "because the average values oof q/ q Q 

were also experimentally determined, a direct comparison 
was made. (Soe ti%. 28.) The agreement between the ex- 
perimental and the theoretical values is considered satis- 
factory. On the BS-9B airplane, which has a low wins and 
a comparatively hi<?h tail, the win-<; wake was "below the 
tail throughout the flight ran^e, as indicated by the fore 
?oin<? theory. 

Slipst ream_velocit2:.-* She simple momentum theory indi 
cates that the. relation "betxreen the propeller thrust and 
the . increment of dynamic pressure in the slipstream may "be 
expressed as follows: 

f - I «„ and a = f . f (- 1 ♦ /TTT^) (13) 

T.he simple theory assumes a uniform increment in velocity 
over the slipstream area. Owin'^ to the nonuniform dis- 
tribution of thrust, alon 1 ? .the propeller, the ratio Aq/q Q 

varies considerably over the.propeller-disk area; the 
theoretical expression, however V may be used as a *sood ap- 
proximation of the average. 

Ho allowance is made for the distortion of the slip- 
stream caused by the fuselage or the wake. ' For the XSBA-1 
and the B5-9B airplanes... the slipstream diameter in the re- 
gion of the tail may be taken to be , equal to the propeller 
diameter D instead of equal to 0.8D to 0.9D, as would be 
calculated from the momentum theory. A comparison between 
the calculated and the .experimental dynamic pressure incre- 
ment Aq/q 0 , averaged over the propeller diameter at the 
slipstream center line, is <?iven in figure 29 for the 
XSBA-1 and the 32-93 airplanes. It will, be noted that the 
experimental points 'and the theoretical curve- a 1 ? re e within 
10 percent; it may- therefore be concluded ■ that the .average 
characteristics of the slipstream correspond fairly well 
with those indicated by- theory despite . interference . effect s 

As the tail moves' away from the center line of the 
idealized circular slip:.- 1 : ream, the average value, of Aq/q 0 
taken over a span equa.. 1 . ; yre propeller diameter wotild 
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vary according to the following relation: 

( AgA ir- 

where hj. is the distance of the tail above or "below the 
slip-stream center line. Actually . the slipstream is not 
circular "out is considerably distorted by the induced 
sideward flow of the winfjy "bv the fuselage, and by the 
propeller-slipstream rotation (reference 14). Comparison 
of the experimental surveys and the theory fo.r the BI-93 
and the XS3A-1 airplanes shown in figure 30 indicates 
that, ir. spite of these interference effects » equation 
(14) represents a fair average and the slipstream may 
therefore be considered cylindrical. 

I ncrement o f down was h due to th e slips t ream . - I he 
theoretical an<?le of downflovr of the slipstream behind an 
inclined propeller is «$iven by Cflauert (reference 5) as 

jfp Sa(l + a ) (1 + k) ( lg ) 

a T (1 + 2a) [1 + aTl + k)] 

vhere k is defined in terns of the normal-force constant 
of equation (5 ) : 

v m S_ (16) 

■(£ 

Values of Sp/o^ are <?iven in figure 31 for various values 
of !3! c and K/(V/nD) 8 . ' 

A further increment of dovmwash , corresponding to the 
increment of lift at the win^, exists in the slipstream; it 
has been assumed, as a rou^h approximation, to bo equal to 
r Ac L w » " r ^-ere <^f, ^ivon in table I, is basod on the over- 
all dimensions of the win*? and A0 T vrill be discussed in 
a later section. 
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It appealed from the surveys.. at the tail that, to a 
first approximation, the dovrnflow due to the propeller and 
that due to the win*; are additive; that is, the average 
downwash an^le at the tail is the sum of the win 1 ? downwash 



"d^. . is the tail span immersed in the slipstream, as de- 
rived in the next section. In the theory, the downwash in- 
crement is assumed to he uniform and confined to the slip- 
stream; actually, "because of tiirbulence and interference, 
it appears to affect a considerable region outside the lim- 
its of the slipstream. For this reason the increment was 
averaged across the tail span when the surveys were evalu- 
ated. Comparisons of the average experimental downwash- 
an^le increment due to the propeller across the tail with 
the calculated increment for the XSBA-l and the 3T-9B air- 
planes are shown in. figures 32 and 33, respectively . 

An illustration of the actual dov.-nwash-an^le distribu- 
tion across the span of the tail for a power-on condition 
is shown in figure 34. Iho extent to which such hi^h ro- 
tations as shown here complicate the calculation of tail 
lift is unknown. The available data indicate that, unless 
the rotation is sufficient to cause stalling of the tail 
on the side whore there is an upwash, it does not require 
separate consideration. In figure 35 are shown some re- 
sults of unpublished tests of the X3P4U-1 airplane in which 
similar thrust conditions were obtained with various val- 
ues of 0 and V/nD, ' corresponding to various efficien- 
cies and various amounts of rotation. Prom this figure 
the pitchin^-moment increment appears to be a function onl? 7, 
of the thrust' coefficient and is essentially independent 
of P. 

Ehe assumed slipstream characteristics at the tail 
location, together with the corresponding theoretical and 
experimental characteristics, are as follows; • 
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S our c g 


Shape of cylinder 


Size. 


Velocity and dowr.- 






vrash increments 


Thoo ry 


Circular . . 


0.-8D to 0.9D 


Uniform and con- 
fined to cylinder 


Surveys 


Distorted, usual- 
ly \;ith a char- - 
" acteristic shape 


Spread over 
■ almost en- 
tire tail 
span (for 
the d^/D 
ration 
tested) 


Nonuniform and 
spread over .al- 
most ontirc tail, 
span (for the 
b t /D radios 
tested) 


A s sump- 
tion , 


Circular (fi%. 
SO) 


D 

(fi<5. 29) 


Uniform and con- 
fined to cylin- 
der (fi<5o. 29,- 
32, S3) 



Lo cation of the s l ipstr'oam with roonect to the tail . - 
It is assumed (fi<?, 36) that the slipstream' is inclined at 
an an^le Cp between the propeller and the win's and at an 
an<?lo £p + e w between the win^ and the tail. The dis- 
tance from the elevator hin^e line to the center of the 
slipstream is then 

&t - (li+1 2 ) tan Ofp - l z tan ce p - l 2 tan<e w +e p ) - d t (l?) 
which, for small angles, reduces to 

*H " l i < a T - G P> + l s (ocp - ^ 6p) - d t (18) 

where is assumed to "be equal to 0C T . The s-oan of 

-w p 

the tail immersed in the slipstream is 

n = 2 J~ rZ " h * 8 (i9) 

Increments of Lift on the Wing and on the Tail 

The problem of an airfoil immersed in an accelerated 
jet of air has "been studied theoretically "by Konin? (refer- 
ence 15) and experimentally by Smelt and Eavies (reference 
16 ), 
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Smalt and' Davies' present their results in the form 
(changed to ITACA notation) 

-j L is S S 

where 0 T is the lift coefficient of the isolated air- 
^is 

foil in the uniform field, X is -jiven by the experimen- 
tal curve of figure 37 as a function of t>±/e±, and A' 
is 0.6. As a matter of interest, the corresponding theo- 
retical curve, "based on Koning's results, is also shown ■ 
in the figure. The first term of equation- (20) corre- 
sponds to the increased velocity in the slipstream (or de- 
creased "velocity in a rake) and the second term corre- 
sponds to the change in the local an^le of attack. Che 
present discussion is concerned mainly with the applica- 
tion of this ■ equation. 

I ncrem e nt , o f lif t on the yi ng.- Inasmuch as no' fuse- 
lage was used "in the tests of .reference 16, direct appli- 
cation of the results to the win? of a single-engine mono- 
plane may .appear questionable. Comparison of the calcu- 
lated results from reference 16 with the results of the 
present tests (figs. 38 and 39) and also with the results 
of a P-35A model tested in the EACA 7- by i'O-fpot wind 
tunnel (fig. 40 ) , however, shored satisfactory agreement; 
none of the more obvious modifications of the method to 
take care of the presence of the fuselage seemed to im- 
prove the agreement. Accordingly, it appears that the 
methods of reference 16 may be directly applied without 
regard to the presence of the fuselage. The methods of 
estimating the" constant s of equation (20) are here summa- 
rized: 

The an<?;le of inclination of the slipstream fip is 
found from figure 31 for the given values of T c and 
K/(V/nD) 2 . The velocity-increment factor back of the pro- 
peller disk s is taken as twice the velocity-increment 
factor at the propeller: 

s = 2a (21) 

The distance of the wing lifting line from the a:r.is 
of the slipstream is 

h w = li (c^ - e P ) - d w (22) 
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where the angles .are in radian's. The ' span of". the part- of 
the win*? that is inner sed in the slipstream is 

whore 

■D x = D / (24) 
. v. 1 + s 

She factor X is liO for .single-online monoplanes. 

..The increnent of lift on the. win^ nay affect the 
pitching moment , depending on the location of its point of 
application relative to the center of gravity. The direct 
effect of the propeller forces, however, accounted for, es- 
sentially all of the observed effect of power on the pitch- 
ing moments for the tail-removed condition (fi^s. 5 and "6). 
Accordingly, for a single-engine monoplane, it appears 
that the change in pitching moment of the win^-fusela'fe 
combination nay "be neglected. 

Increnent s o f li ft on t he tail.- For the power-off 
condition, the tail suffers a loss of lift and' of eleva- 
tor effectiveness due to the passage of the fuselage wako 
over it. She effect is relatively snail. It could he 
calculated with satisfactory accuracy "by applying the 
methods "-of the preceding section, the slipstrean now bein 0 ; 
replaced "by the fuselage wake and the win"? bein<; replaced 

hy the tail. The tern b* is here the dianeter of the 

*i ' 

wake, which nay he takon as 2(S f + 6), where 8 is 
ff ,ivsa by equation (10) , A is still 1.0, and s corre- 
sponds to the average velocity change in the "boundary 
layer and nay he taken as -0.07 unless the win^ wake also 
passes over the tail, in which case s is further reduced. 

• Table II shows- the agreement "between the elevator ef- 
fectiveness" calculated by this nethod and the. experimental 
values of the elevator effectiveness. 

; for the power-on condition, the increnent of lift and 
the elevator effectiveness due to the slipstrean is super- 
imposed' on the (negative ) -increment just discussed. . Cal- 
culation of the change in elevator effectiveness, by the 
preceding nethod, however, <?ave results' much lower than 
the experimental results. (See table III.) The discrep- 
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ancy apparently cones from the use' of the experimental 
A -curve of figure 37, which is probably not applicable to 
this case ."because ratios of b/D covering tail planes 
were not tested and Konin^ l s theory ' indicates that this 
parameter requires consideration. Konin's's theoretical 
results (reference 15) were therefore worked up for a ran^e 
of "b/D covering tail planes, and a 7^ -curve was ob- 
tained (fi"?. 41 ) * The agreement "between the experimental 
elevator effectiveness and the calculated values based on 
this curve is much better than before (see last two col- 
umns of table III), although it is not clear why the theo- 
ry should be applicable at the tail and yet ?ivo definite- 
ly hi^h results at the wins. "he value of • h^. used in 

these calculations was derived from equation (l9)j it was 
practically equal to the propeller diameter in nearly 
every case. 

She data wero not adapted to the direct evaluation of 
the factor A' (equation (20)) for the case of the tail 
in the slipstream. Some calculations of this parameter 
wero made, howovor, by comparing the tail-on and the tail- 
removed data, on the basis of values of s , A^ , and Ac 

value.s determined by the method already discussed. The 
best of the values thus obtained was between 0.7 and 0.9. 
Although, as with A, it mi sat be expected that A' would 
be increased for the case of the tail, the data are hardly 
sufficient to justify a revision of its value.' 

* * 

All the important effects of propeller operation on 
the complete airplane, flaps up, have now been evaluated 
to at least a first approximation. As a check on the gen- 
eral applicability of these approximations, the effects 
of propeller operation on- the pitching moments, and hence 
on the stability, were calculated for the XSBA-1 and the 
B3?-9E airplanes. She comparison "between the calculated 
and the experimental effects of propeller operation, to- 
gether with values for the propeller-removed condition, are 
presented in tables IV and Y and in figures 42 and 43. 
lor the two airplanes tested, the difference between 
propeller— remo ved and propeller-operating conditions is not 
very 'narked; the largest difference shown is equivalent to 
about 2° of elevator deflection. The slipstream increases 
both the velocity of the stream and the downwash at the 
tail. The corresponding effect of each change pn the pitch- 
ing moment is considerable; these ' chp.nsos act. in opposite 
ways, however, and tend to cancel, although the difference 
between them is still, important. The difference between 
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the calculated and tho cxpcrinental pitching r.ononts for 

the ZSBA-l airplane (fis;. .42} could "bo accounted for hv a ^ 

discrepancy- of only airoroxinately 1° in tho downwash nn^lo. 

■' 0 

II. APPLICATION TO DESIGN 

In this part of the paper a st op-"by-st cp nothod of 
predicting the effect of propeller operation on the pitch- 
ing noncnt of a single-online nonoplane without flaps is 
outlined and illustrated "by an example. It is a.ssuned 
that tho ^eonotrical characteristics of the airplane arc 
",'iTon, together with lift, dra*? , and pit chir.'j-r.ior.ont 
curves for tho power-off condition with tail on and off, 
propeller charts, and onsi'^o characteristics. A constant- 
speed propeller operating at constant power was chosen to 
simplify tho dononstration. The an^lo of attack of the 
thrust axis will he taken as the independent variable 
throughout the calculations. 

Dotailod Proccduro 

A. Dotornination of propeller-operating characteristics 

1. Calculate V fron values of C T ohtainod fron 
wind-tunnel data. 

2. Calculate V/nD and Cp fron tho engine charac- 
t ori sties . 

3. Pick off values of P and Cg, fron appropriate 
propeller charts (reference 17). 

B, Effect of thrust and nornal force of the propeller on 

the lift and the pitching nonent 

Q 

1. Calculate T n = — «? and select values of K 

° <V/nD) 3 

fron figure 4. 

• 2. The effect. of the thrust on the airplane lift is 
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3. The off oct of the propeller forces on .'.it ho airplane 
pitching nonent is 

A* = — i--^ (Oip ™- + K sin 4" ^ 

0. tfin c ; lift incronent due to the slipstroan 

1. The location of the win 1 ? with respect to the slip- 
stroan contor lino is 

h^ = l x (agi - £p) - d w (angles in radians) 

whore . e-3 is determined fron figure 31. 

2. The slipstream-velocity incronent will ho assuned 
to have reached its full value at 'the win*?, so that' 



V 7T 



s = 2a = -1 + ./ 1 + * T 0 

3. Tho portion of tho span of the win*? inner sod in 
the slipstroan is - 

\ t = /57~Ttt7-, W here D, = D f\^* 

4. The aspect ratio of the inncrsed portion is 
"b Wi /c w f so that A nay now ho dotornined fron figure 37; 

it is usually equal to .1.0. 



5, The win^-lift incronont is . 



'w 

where G L is the power-off lift coefficient', a 0 is the 
infinite aspect ratio lift-curve slope (O.ll), and Ae = 
£p is the change in an^lo of attack "between propeller- 

operating and propellor-reno ved conditions. 

t 

The propeller-operating characteristics as doternined 
in stop A are calculated for a velocity "based on the power- 
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off lift coef f i cient . Although the approximation is fairly 
close, a second approximation with the use of the power-on 
lift coefficient may he made at this point if further re- 
finement is desired. The results of the illustrative ex~ 
ample presented in a later section, indicate that this sec- 
ond approximation is usually unnecessary. The change in 
tail lift may he assumed to he ne^li %i Die . 



D. Location of the tail relative to the slipstream center 
line and the immersed span of the tail 

. 1. The location is 

&t = ^1 ( a T - fip) + l 2 (a.-n - % - fip) - dj. 

3? 

(angles in radians) where £p is determined from figure 
31. The value of e,„ ' is calculated hy the use of refer- 

ences 12 and 13 or from = (C Lq + AC^) 0, where $ 

is °;iven in ta"ble I. 

2. The portion of the span of the tail immersed in 
the slipstream is 

■ H ± = 2 /I s - h t 2 

and the aspect ratio of the immersed portion is h^./c^.. 



E. Velocity increments at the tail 

It is assumed that the tail area outside the slip- 
stream is acted on hy the free-stream dynamic pres- 
sure. 

1. The velocity-rincrement factor due to. the slip- 
stream is 

s s " f 1 + 4 *c - 1 . ■ 

2, The velocity-increment factor in the fuselage 
"boundary layer will he taken, for'all cases, as 

s f = ** 0.07 
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3. 3?he velocity-increment factor in the wins wake is 

1 



where (from reference 12) 

1/2 



2.42 c d 



CO s ' 



w 



+ 0.3 



tt ja_ 
2 c~ 



0 . 68 ^ & + 0.15) 



1/8 



El , 



for 



0.68 c do l/S + 0.15^ 



T/T 



< 1 



If the expression is creator than 1, 



).-o, 



W 



m 



= l 3 (Y - ■+ c w ^) (angles in radians) 



and c do is the section prof ile-dra'? coefficient in the 
vicinity of. the root chord. 



F. Effect of slipstream on the tail pitching moment 

Either of two procedures may "be followed to obtain 
tho effect of the slipstream on the tail pitching 
moment, depending on the manner in which the isolat- 
ed tail lift is determined. Figure 44 illustrates 
the situation., Hote that all coefficients are "based 
on win 1 ; area. 

1". The value of Gt may be det erni-ned from 

■ Ms- , 
propeller-removed tail-on and tail-removed tests and is 



1 s 



2(H. F + 8) _ 
X + L c ( S-p + g )X 

St 1 



2 2 



w.aere 

The valuo of S is *>iven hy equation (10), a value for 
Cp^ "bcin^ assumed; *c^.. is the mean geometric chord of 

the tail immersed in the fuselage ■boundary layer; ?\ is 
determined from figure 37 and corresponds to 

2(3+ +JS 

Substitution of this value of 0 Lj . in .the following 

equation for A0 Et ^ives the effect of the slipstroan on 
the tail pitching nonont . 

2, She valuo of Ot mar-- also ho directly deter- 

*is 

mined from tho isolated tail characteristics "by the use of 
the off active an^lo of attack at tho tail. Tho isolated 
tail characteristics may he estimated from refcrenco 18 or 
roforenco 19 or from wind-tunnel tests of tho tail. The 
effective an^le of attack of the tail (power off) i-s ■ a- a 
a T ~ e w 0 * *t* where £ Wq he found from references 

12 and 13. Tho effect of the slipstream on the tail pitch- 
ing nonont is 

X s T>t< ^t^ / , S t 



A 0 ~ — 



' E * " " % H 

where 



(o lt *t~ — *o A 0 



Ae = € w p + £ P - e w 0 

The value of A{. is determined from figure 41, V = 0«o, 
a 0 = 0.11, and the other factors have oe.-n previously oval- 
uat e d . 
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& . Calculated. "effects of propeller, operation 

1. She- power-oii lift' i&. 

0 T . = C T + AC T . + A0 t + A0 Ti 
L p ^o L P L w H 

where ACt nay usually be neglected, 
■"t 

2, The power-on pitching moment is 



C n = C„ + A0 m _ + AC 



'm 



3. Prom the -clot of C n against am or C T 

■ . -P . . ■ • P 
the effect of propeller operation on pitching moments may 
D-e determined. , .• ,. 

H, Det ernination of elevator an<?le required from trim .. 

The prohiem is to calculate the powor-on elevator " . 
effectiveness for each an^le of attack. She procedure 
is very similar to that .used to determine the' tail—/ 
lift, increment with propeller operation' 1 .. 

/dC„\ 

1. If it is assumed that J i£ 5 ^iven, '. , ; 



MS 



e . , 

is 1 



+ Ct ( Sf + b w ) X 



-.2.. She powe.r-on elevator effectiveness is/^i.von Toy 

Vd§ 0 / ) . 



t to s 



-i- A '(-6. 07 +s w ) 



/dC 
VdS 



.is 



or may also he expressed as 
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3. The elevator ah'<?le required to trin is 

c n 

. 8 = — SB— 

Illustrative Exanplo 

The detailed procedure of the preceding sections has 
"been applied to a typical case. The ^iven .data arc pre- 
sented below and the steps in the calculation are "?ivon in 



t ahl e VI . 
Airplane : 

T7in<=? area S w , square foot - -- -- -- -- ---- 250 

Win- 1 ? span \, foot - -- -- -- -- -- -- -- 40 

Gross weight, pounds -------------- 6000 

Ratio of distance fron propeller disk to center 

of gravity to nean viin% chord "^l/c^ ----- 1.44 

3atio of distance fron center of gravity to 

thrust line to nean win* chord z/ c ;7 ----- .08 

Distance fron center of gravity to elevator hin^o 

line I 2 , feet ----------------- 18 

Aspect ratio of win 1 ? - -- -- -- -- -- -- -- 5.4 

Taper ratio of wins --------------- 2:1 

Win*; chord at root c r , feet - -- -- -- -- -- 8.34 

Distance fron trailing ed^e of root chord to el- 
evator hin^e line l z , feet ---------- 12 

Span of tail h t , feet - --------- 12.27 
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Airplane ( cont . } : 

Aspect ratio of tail "■'» ' A '-■ ~ . 3 

Caper rat'io'-of tail - - ' - - - - '- ' - -'-'-■---• 2.83:1 
Ratio of tail span' to wing spaa b t /b ;7 . - - - - -. .306 

Engine :■ . ' 

Ungeared engine developing 1000 horsepower at 2100 rpm 

Propeller: 

Oonstant-spoed operation. 

" Dianbtbr of propeller, throe— "blade Bureau of _. 
Aeronautics drawing" Ho. '5868-9 (reference 17), 
feet ------------------------ 9 

•Section prof i.lo^drag ' coefficient in .vicinity of r"oot 

' chord o'j ,.oi 

a o • ■ 

. Lift --and -pit-ching-noment curves; tail on and tail off: 
Data given- in table YI . 



I ha -results of the illustrative example , summarized " 
in -figure 45, are of the same- general nature as those ob- 
tained from the tests of the -two. airplanes . in the full- 
scale wind tunnel. In general-, the effects of the ' increased 
velocity and the downwash on the horizontal tail tend to 
cancel, although the difference may still affect' the pitch- 
ing moments-. Che results also indicate that the direct 
■ effect of the propeller i's probably the raos-t important sin- 
gle parameter influencing the longitudinal , stability . 

Figure 45, in addition, presents the. pitching-noment 
curves for. various elevator deflections and it should be 
noted that the longitudinal stability changes with elevator 
deflection. 



CONCLUSIONS 



The following' conclusions" pro bably apply more or Iocs 
j^eiierally to single-engine monoplanes without flaps: 

1. The location of the thrust lino relative to the 
center of gravity is the'most important single factor de- 
termining the effect of propeller operation on pitching 
moment s . 

2. The direct effect of the propeller forces on tho 
pitching moment of tho airplane can ho calculated with 
sati sf actory accuracy "by the methods ^ivon. . 

3. The effect of tho slipstream on the pitching mo- 
rn ont of tho win^-fusola^e com'oination may be neglected. 

4. Tho slipstream increases tho velocity of tho air 
at tho tail hut also increases the down wash, thus usually 
affecting tho pitching moment in opposite wars . 

. .5. The win*; downwash and the downwash in the slip- 
stream of an inclined propollor aro approximately additive 
.at , thQ .-tail. 

6. The velocity distribution in the fuselage bound- 
ary layer at the tail approximately obeys the l/7-power 
la',7, and the thickness of the boundary layer corresponds 
to the . entire fuselage dra«j.- 

. 7, The location of the win^wake and the . velocity 
distribution in the wake correspond satisfactorily to equa' 
tions' derived in NACA Reports Nos. 551 and 648. 

■ 8. The change in the lift of the win"? due to the 
■passage of a slipstream over it may "be computed with rea- 
sonable precision "by the method of R. & M. No. 1788. The 
method has been modified, however, for application to the 
tail*-. > 

9. The methods of analysis used in this paper lead 
to a procedure that is sufficiently accurate for engineer- 
ing design. 

Lan^ley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Lan^ley Field, Va. 



27 



REFERENCES 



1. DeFrance, Smith J.: The N.A.C.A. Pull-Scale "Sind Tun- 
nel. Rep. No. 459 4 NACA, 19 33. 

•2 # Theodorsen, Theodore, and Silverstein, Ahe :• Experi- 
mental Verification of the Theory "of Wind-rTunnel 
Boundary Interference. Rep. No. 478 , NACA, 1934. 

3. Silverstein , 'Aoe , and Xatzoff, S.: Experimental laves*- 

ti^ation of Wind-Tunnel Interference on the Down- 
wash, oehind an Airfoil. Rep. No. 609, NAG A , 1937. 

4. Lesley, E. P. , Worley, &aor<e F,, and Moy, .Stanley: 

Air Propellers in Yaw. Rep. No . * 59 7 , NAOA, . 19 37 . 

5. G-lauert s H. : Airplane Propellers. Vol. IV, div. L of 

Aerodynamic Theory, W. P. Durand, ed. , Julius 
Springer (Berlin ),' 19 35 , pp. 351-359. 

6. G-lauert, H ., : The Stability Derivatives of an Airscrew. 

. R. & M. No. 542, British A.C.A., 1919. 

7; Millikan, Clark B . : The Influence of Running Propel- 
lers on Airplane Characteristics. Jour. Aero. Sci., 
vol. 7, no. 3, Jan. 1940, pp. 85-103. 

8. Biermann, David, and Hartman, Edwin P.: Tests of Two 

Pull-Scale Propellers with Different Pitch Distri- 
butions, at Blade Angles up to 60°. ReD . No. 558, 
NACA , 1939. 

9. Theodorsen, Theodore. SticZ^le, G-eor^e W. , and Brevoort, 

H. J»: Characteristics of Six Propellers In,clxtdin c ; 
the Hi^h-Speed Ran^e. Rep. No. 594, NACA, 1937. 

10. Sil ver stein, Aoe : ^?ard a Rational Method of Tail- 

Plane Design. Jour. Aero. Sci., vol. 6, no. 9, 
July 1939, pp. 361-369. 

11. Freemen, Hu^h B. : Measurements of Plow in the Boundary 

Layer of a l/40-Scale Model of the U.S. Airship 
"Akron." Rep. No, 430, NACA , 1932. 

12. Silverstein, Ahe , Katzoff, S., and 3ullivant , ¥. Kenneth: 

Down^ash and Wake "behind Plain and Flap-oed Airfoils. 
Rep. No. 651, NACA , 19 39. 



28 



13. Silverstein, Aho , and Katsoff, S.: Design Charts for 

Predicting Dovrnwash Angles and Wake Characteristics 

behind Plain and Plapned Win^s. Rep. Ho. 648, 

HAOA, 19 39. ? 

14. Ktxtzoff, S.: Longitudinal Stability and Control with *"~* 

Special Eeference to Slipstream Effects. Hera. No. 
590, HAOA, 1940. 

15. Konin*;, C. t Influence of the Propeller on. the Other 

Parts of the Airplane ■ Structure . Vol. IT, div. M 
of Aerodynamic Theory, TT. Durand, ed,, Julius 
Springer (Berlin), 1935, pp. 362-430. 

■ 

15. Snolt, R. and Davies, E. :' Estimation of Increase in 
Lift Due to Slipstream. R. & M . No. 1788, British 
A. E.G., 1937. 

17. Hartman, Idvln P., and Biornann, David: The Aerody- 

namic Characteristics of ?ull-Scalo Propellers 
Having 2, 3, and 4 Blades of Clark Y ana R.A.P. 6 
Airfoil Sections. Eep. No. 640, ETA OA , 1938. 

18. Silvorstein, Abe, and Katzoff, S.: Aerodynamic Char- 

acteristics of Horizontal Tail Surfaces. Ren. No. 
6 88, NACA, 1940. 

19,. Martinov, A., and Kolosov, E. : Some Data on the Stat- 
ic Longitudinal Stability and Control of Airplanes 
(Design of Control Surfaces). T.H. No*- 941 ,~ NACA, 
1940. 



29 



TABLE I 

Values of Angle of Inclination of Wing Wake 
(J> for Various Wings 



H 



Aspecc ratio 


m 

Taper ratxo 


* 

(radian) 




1 


0.10 




2 


•Jo 


6 


3 


.13 




5 


.1^ 




1 


0.08 




2 


.10 


9 


3 


.11 




5 


.12 




1 


0.05 




2 


.08 


12 

* 


3 


.09 




5 

i — 


.10 



TABES II 

Experimental and Calculated Elevator Effectiveness 
for XSBA-1 and 3T-9B Airplanes, Propeller Removed 

(The X -curve of reference 16 used for computations) 



Airplane 


a T 

(toe) 


s Q = -0.07 + % 


Elevator effectiveness. dC n /d6 Q 


Experimental 


Calculated 
(a) 


XSBA-1 


1.3 
3-7 
7-7 
12.7 


-0.11 
-.13 
-.09 
-.07 


-0.01^ 
-.013 
-.015 
-.016 


-0.015 
-.015 
-.015 
-.015 


BT-9B 


0.2 


-0.07 


-0.03A- 


-O.Ql^ 




3.7 


-.0? 


-.013 


-.013 




7.7 


-.07 


-.013 


-.013 




11.9 


-.07 


-.013 


-.013 



a The calculated values were obtained from the following equation: 



V d Vo = 



1 + 



2(Sf + 5)ct t 



8* 



* x (-0.07 



+ s ) 
w' 



*dC. 

at 



'e/ is 
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SABLE III 



Experimental and Calculated Elevator Effectiveness for 
XS3A-1 and BT-93 Airplanes, Propeller Operating 












Elevator 


effectiveness, d 0 T ,/ d8 e 


Airplane 


(de?) 


5 T 

TT C 


s s 


Experi-. 


Calculated 
fron A- 
curve of 
reference 
15 

(a) 


Calculated 
fron 7\%~ 
curve of 
ref erence 
15 

(*>. 


SSBA-1 


3.7 
7.7 
7.7 

12,7 
12.7 


0.39 
.54 
i?l 
1.30 
1.60 


0.18 
,24 
.31 
.52 
.61 


-0.020 
-.020 
-.023 
-,028 
-.030 


■ -0.017 
-.018 
-.019 
-.021 
-.022 


-0,017 
-.019 

-.020 
-.024 
-.026 


3T-9 3 


0.2 
3.7 
3.7 
7.7 


0.14 
.21 
,42 
.42 


0.07 , 
.10 
.19 
.19 


015 
-.014 
-.016 
-.015 


-0.014 
-.014 
-.015 
-.015 


-0.014 
-,014 
-.016 
-.016 



a (!?he Calculated values were obtained fron the following 
equation : 



U«.; s 



s 



is 



JTor XS3A-1 airplane: > = -0,016 



0 



Eor 32-9 3 airplane; (JgPj ^ = -0.014 

The calculated values were obtained fron the following 
equation : 



dC n 

<*>, 



Of . Cf 

"1 u i 



2(H f +S)c t . 



1 + A f s„ + 

I- St s t 



— X(-0.07+s w ) 



^ dC n>) 



VdS 



x s 
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TABLE IV 

The Effect of Propeller Operation on the 
longitudinal Stability of the XSBA-1 Airplane 



Longitudinal stability, -dC n /darp . 



TT 0 




= 7° 


OCtp 


= 10° 


Otgi 


= 13° 




Experi- 
mental 


Calculated 


Experi- 
mental 


Gal culated 


Experi- 
mental 


Calculated 


(a) 
0.7 

,9 


0.0090 
.013 




0.015 
.017 
.018 
.018 
.018 
.018 




0.026 
.025 
.025 
.024 
.025 

..025 
.025 
.025 




0.011 


0.016 
.016 
.016 
.016 
.016 


0.027 
.027 

. .027 
.027 
.027 
.027 
.027 


1.0 
1.2" 
1,3 














1.5 
1*6 








— — — — — — *~ 


— — 





Propeller ronovod. 



SABLE V 



She Effect of Propeller Operation on the 
Longitudinal Stability of the 3T-9B Airplane 



8 m 
TT A ° 




Longitudinal st-aoility, -d^/dct^ ■ 




<Xrp 


= 5° 


ttrp 


= 7° 




= 11° 




Experi- 
ment al 


Calculated 


Experi- 
mental 


Calculat ed 


Expori- 
nontal 


Calculated 


(a) 


0.011 




0.011 
.011 
.011 
.009 
.008 




0,012 ' 
.012 
.012 
.012 
.012 
.012 

..012 




0.2 
.3 
.5 
.7 
1.0 
1.3 


.010 
.010 
.008 
.007 


0.011 
" .011 
.008 
.007 


0.011 
.011 
■■ .011 
.009 


0.013 
.013 
,013 
. .014 
. .. . 014 
. .014 






_ _ _ 





Propeller removed. 
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TABLE VI 
ILLUSTRATIVE EXAMPLE 



A. Determination of propeller-operating characteristics B. Direct effect of C. Wing lift increment due to slipstream 

the propeller 



(deg) 


°Lo 




(mph) 


V/nD 


(deg) 




T c 


d 


sin 


L P 


mp 


(hf 


fp/a T 


e p 

(deg) 


(ft) 


V 
(ft) 


s 




1 

h 

8 
12 
11+ 


0.251 

• klk 
.772 
1.062 
1.195 


O.5OI 

.689 
.880 
1.032 
1.093 


283.5 
206.5 
161. k 
137.8 
130.0 


0.900 

.'655 
.513 
.£37 

.1+13 


25-5 

22.5 
21.5 

21.0 
20.8 


0.08k 
.107 
.120 
.129 
.133 


0.1014. 

'$ 
.780 


0.0535; 
.0280! 
.01951 

.oifo 
.0135] 

i 


O.OI75 
.0698 
.1392 
.2079 
.2L19 


0.001 
.011 
.Okl 
.091 
.122 


0.006 
.017 
.03U 
.050 
.058 


0.066 

.065 

• 07t 
.076 

.079 


0.170 
.260 

:Bf 
.jj.51 


0.2 
1.0 
2.8 
5.1 
6.5 


0.13 

:B 

1.09 
1.21 


~8.~8~ 
8.5 
8.2 
7.8 

7.7 


0.1k 
.28 

% 

•73 


0.009 
.037 
.075 
.12k 



A*. Determination of propeller-operating D. Tail immersion in E. Velocity increments at the 
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Figure 5.- Comparison of calculated and experimental effect of 

propeller operation on pitching moment of X8BA-1 airplane 
with horizontal tail remoTed. 
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Figure 6.- Comparison of calculated and experimental effeot of 

propeller operation on pitching moment of BT-9B airplane 
with horizontal tail removed. 
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Figure 7.- Calculated 
effect of 
normal force on 
pitching moment for 
a range of /c w 
for a 

1000-horsepower, 
single-engine 
monoplane . 
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Figure 8.- Calculated 

effect of 
thrust on pitching 
moment for a range 
of z/c w for a 
1000-horsepower , 
single-engine 
monoplane . 
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Figure 9.- Calculated 

effect of 
tilting propeller axis 
about propeller hub on 
the pitching moment 
for a 1000-horsepower, 
single-engine 
monoplane. Center 
of gravity, 1.5 c_ 
back of propeller. 
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figure 10.- Idealiaed croea aeotlon of field of flow at the tall of a single-angina 

monoplane. Dynaadc-preeaure dlatribution la a Tertical plane through 
canter of fuselage. 
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(b) Dynamic-pressure (q/l Q ) contours. 
Fif« r * Air flow In the plane of the elevator hlng» line 
of- the XSBA-1 airplane. 
View looking forward. 0^.^5.6°. propeller 
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(q) ■ Dynamic-pressure (q/<l 0 ) contours. 
FffxVe 17, -Air flow In the plane of the elevator hinge line of the 
XSBA-1 airplane. 

View looking forward. a T ; 12.1t°j p-ropeller removed. 
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(a) Dynamic-pressure (g/q 0 ) contour*. 



n{nr« 2i.-Alr flow In the plane of the elevator hinge "> 
line of the BT-9B airplane. „ £, 

View looking f orwardj a T J 3.7O; 2 To > 0 .^. ^ 
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Figure 38.- Comparison of 

theoretical and 
experimental values of q/q 0 
at tail location of 
XSBA-1 airplane due to 
wing wake. 
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Figure 29.- 
Comparison of 
experimental and 
theoretical values 
of &q/q 0 at the 
slipstream center 
line of the XSBA-1 
and BT-9B airplanes. 
Points given 
represent 
average 
increment 
over a 
span of 
4.5 feet (pro- 
peller radius) . 
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Figure 30.- 
Compari8on 
of variation 
of actual ' 
average 
slipstream 
velocity 
with that 
expected 
from an 
idealized 
(cylindrical) 
slipstream 
for different 
distances 
from the 
slipstream 
center. 
(Results 
based on a 
constant 
propeller 
diameter 
of 9 ft.) 
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Figs. 32,33 
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Figure 32.- Comparison of oaloulated and experimental average downwash 
angle due to propeller aorose tail span of JCSBA-1 airplane. 
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Figure 33.- Comparison of calculated and experimental average downwash 
angle due to propeller across tail span of BT-9B airplane. 
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Figure 3?.- Effect of propeller operation on pitching moment of XF4U-1 airplane (from 
unpublished data of 30-ft wind tunnel) . 
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Figure 37.- Comparison of X - curves 
from references 15 and 16. 
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Figure 38.- Comparison of calculated and experimental effect of 

propeller operation on lift of XSBA-1 airplane 
with tall removed. 
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Figure 39. 
tail removed. 
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Comparison of calculated and experimental effect of 
propeller operation on lift of BT-9B airplane witb 
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Figure 40.- Comparison of calculated and experimental effect 
of propeller operation on lift of P-36A airplane 
model witb tail, (From unpublished data of 7-by 10- ft wind 
tunnel.) 
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Figure 41.- Values of A t based on reference 15 

for use with tail planes. The 
curve is an average one for tail aspect ratios % 
from 2.6 to 6.4 . 



0 



NACA 



AO, 



AC i; 



AC 



2(R f +6)c t ^ 



B (f>w) 



X (8 f + S.JO. 



"is 



Figs. 44,45 



AC. 



Figure 44.- Graphical representation of tail lift increments. 
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Figure 45.- Summary of results of illustrative example. 



